the possibility of inflammation in the deeper muscle tissues or mechanical injury to bone, muscle, nerve, or other critical structures in the neck area. Proper vaccination technique requires skill and experience. It has been noted, for example, that many of the vaccination reactions occurring at the hatchery seemed to occur at times when regular vaccination personnel were on vacation and inexperienced operators were assigned to inoculate the birds.
In conclusion, the symptoms of paresis and paralysis observed in the 7-9-day-old broiler chicks and the inflammatory lesions noted in muscles and connective tissues of the neck area are most likely caused by tissue reaction to a live virus vaccine injected into the neck area at the hatchery when the chicks were 1 day old. The vaccine was intended for subcutaneous application but may have been inadvertently injected into the deeper tissues of the neck. Inflammation of the muscles of the neck, as well as possible mechanical compression of the spinal cord by the encroaching mass of inflammatory cells, may account for the ataxia, paresis, and paralysis observed in the affected birds. The cellular enlargement and vacuolization of epithelioid cells observed within some areas of the inflammatory process surrounding the spinal cord and the demonstration of clusters of poxviruses within the inflammatory lesions on electron photomicrographs suggest that the poxvirus component of the vaccine may have been responsible for the vaccination reaction.
Porcine circovirus 2 (PCV2) was first isolated from the tissues of swine in high-health commercial herds in western Canada. 4 These pigs had a debilitating condition that was named postweaning multisystemic wasting syndrome (PMWS). 4 The virus is now recognized as an endemic infection in commercial swine herds worldwide. 1 Subsequently, the pathogenic potential of PCV2, alone and in combination with various infectious and noninfectious cofactors, has been demonstrated, and the virus has been implicated as the necessary cause of PMWS. 1, 3, 6 The host range of PCV2 is controversial. Some investigators, using primarily polymerase chain reaction (PCR) have documented PCV2 infection in species other than swine. 8 In other studies using serology and experimental inoculations, evidence of productive PCV2 infection was documented only in swine. 2, 5 However, information on PCV2 infections in suids other than improved breeds of domestic swine has been limited. This study reports the association of PCV2 with multisystemic disease in farmed wild boars.
Several dead or debilitated suckling, approximately 6-week-old, wild boar piglets were presented to the Prairie Diagnostic Laboratory, Regina, Saskatchewan, Canada, in May and June of 2001 for examination. These animals originated from a farm with approximately 2,000 wild boars. The owner had raised wild boars on pasture for approximately 15 years. Replacement stock was bought from other farms that raised wild boars. Approximately 5-6 years before the disease outbreak, several Berkshire boars were purchased to increase the genetic diversity of the herd because import of stock from Europe was disallowed and the gene pool of wild boar in North America was thought to be limited. No other introductions had been made since that time. The genetic makeup of the herd at the time of the outbreak was 15 of 16 wild boars and 1 of 16 Berkshire. The owner also had a separate herd comprising 4 Berkshire boars and 30 sows and offspring that were also raised on pasture. This herd was kept 6.4 km from the herd of wild boars; therefore, there was no direct contact between the groups, but no additional biosecurity measures were in place before, or during, the outbreak. There was no apparent disease in the Berkshire herd.
For the first time, in the spring before the outbreak, instead of being allowed to farrow on pasture, the wild boar sows were confined in approximately 15 ϫ 15 m outdoor pens, with 5 sows per pen. Some large straw bales were provided for shelter, and piglets had free access (through the fencing of the pens) to a large forested area. The sows were maintained on a ration of 15% ground peas, 60% ground barley, 25% ground wheat, and a mineral premix. Penicillin was regularly administered in the water, and sows were routinely treated for mange mites using a commercial endectocide. No vaccines were used in the herd.
The owner reported approximately 50 dead and 30 sick young boars in a group of approximately 1,000 and noted that the affected pigs had poor hair coats, often had diarrhea, and died rapidly over a period of 12 hours. Disease was no more common among the offspring of gilts than among those of sows. Because the sow pens had very little shade, the owner attributed the illness and death to ''heat stroke.'' Gross and/or histological examinations were conducted on 4 of the affected suckling pigs, and they revealed poor body condition with variable depletion of fat stores and muscular atrophy. There were pneu-monic lesions in 1 or more lung lobes. In 1 young boar, there were equivocal linear erosions in the ileum and spiral colon with pasty yellow material adherent to the mucosa. In another, there was edema of the small bowel, autolytic changes in the mucosa, and fluid yellow contents in the small and large intestines. There was variable enlargement and pallor of mesenteric lymph nodes. Ulceration of the fundic portion of the stomach was found in one animal. Hearts, kidneys, livers, and other organs were grossly unremarkable.
In histologic sections of lungs there was lymphoplasmacytic interstitial pneumonia or multifocal suppurative bronchopneumonia. In one boar, in addition to bronchopneumonia there was variable hyperplasia of bronchus-associated lymphoid tissue that was considered typical of infection by Mycoplasma spp. Streptococcus suis was cultured from the lungs of 2 of the boars with bronchopneumonia that were sampled for microbiological examination. In the livers of 2 boars there was mild to moderate nonsuppurative cholangiohepatitis and multiple small foci of hydropic and/ or fatty hepatocellular degeneration. Two of the pigs had mild to moderate erosive enterocolitis with necrosis of epithelium, cryptal dilatation, and infiltration of the lamina propria and submucosa by a mixed population of inflammatory cells, with mononuclear leukocytes predominating. Nonhemolytic Escherichia coli as well as other bacteria considered as insignificant contaminants were isolated from samples from the gastrointestinal (GI) tract of 3 boars that were sampled for microbiological examination. No Salmonella spp. was isolated from the intestines of the same 3 animals. There was variable perivascular and perilymphatic, predominately mononuclear, inflammatory cell infiltration in all levels of the GI tract that were sampled, including stomach and small and large intestines. Botryoid intracytoplasmic and rare intranuclear inclusion bodies typical of PCV2 infection were detected in large cells resembling macrophages in the lamina propria and possibly lymphatics in the affected large intestine ( Fig. 1 ). There was mild depletion of lymphocytes and sinus histiocytosis in mesenteric lymph nodes, in addition to depletion of lymphocytes in Peyer's patches and submucosal lymphoid nodules.
Immunohistochemical examination of tissue section replicates was performed as previously described using monoclonal and monospecific polyclonal antisera. 4 Porcine circovirus 2 antigens were demonstrated in a range of organs and cell types including, lung, liver, lymphoid tissue, and GI tract. There was also positive staining for PCV2 in the nuclei and cytoplasm of endothelial cells in lymphatics throughout the GI tract ( Fig. 2) and in occasional surrounding smooth muscle cells. For comparative purposes, in situ hybridization was performed as previously described 4 on affected large intestine and liver from one of the wild boars. Reaction product, in- dicative of PCV2 DNA, similar in distribution to that of PCV2 antigen in immunohistochemically stained sections, was demonstrated. There was intense labeling of cells with macrophage morphology in the lamina propria, in the lymphatic endothelial cells, and in the gut associated lymphoid tissue of the intestine. Scattered cells in the liver were also labeled. Porcine reproductive and respiratory syndrome virus (PRRSV) antigen was demonstrated in a few cells in the affected lungs of one of the submitted wild boars.
A PCV2-like virus was isolated from pooled tissues of each of 2 of the dead wild boars that were sampled for virus isolation. A PCR reaction was performed to amplify the entire open reading frame (ORF) 2 region of PCV2. Oligonucleotide primers that amplified the ORF2 region of PCV2 DNAs (ORF2 forward, 5Ј GGTAATACTTACAGCGCACTTC 3Ј; ORF2 reverse, 5Ј CCCCATGCCCTGAATTTCC 3Ј) were designed on the basis of the Canadian reference PCV2 sequence. 4, 7 Two microliters of the DNA extracts were used as the target in subsequent PCR amplifications. Positive control DNA extracts were prepared from 100 l of PK/15 cell culture extracts infected with the reference Canadian PCV2 isolate (Imp.1010-Stoon isolate). 8 An extract from a PK/15 cell culture shown to be free of PCV was used as a negative control. Polymerase chain reaction was carried out using Taq PCR mastermixes scaled down to final reaction volumes of 25 l. The final concentration of reagents were: 1.5 mM MgCl 2 ; 200 M of each deoxynucleoside triphosphate , 0.2 M of each primer, and 0.625 U Taq DNA polymerase. After denaturation at 94 C for 1 minute the reaction mixtures were subjected to thermal cycling for 40 ramp cycles each of 94 C for 30 seconds, 50 C for 30 seconds, and 72 C for 60 seconds. A time delay of 72 C for 10 minutes was included before a 4 C soak. Polymerase chain reaction products were gel purified after agarose gel electrophoresis, and the nucleotide sequences of PCR products were determined by dideoxy chemistry. Reactions were carried out using a dye terminator sequencing kit on an automated DNA sequencer. Sequencing reactions were carried out using the individual amplification primers. The nucleotide sequence of each sample was determined in each direction in duplicate and was assembled and analyzed using computerized software. The amplified product from each of the wild boar pooled tissue homogenates were shown to be identical and to exhibit 98.7% nucleotide sequence identity with the reference strain, corresponding to 97.9% protein se-quence identity as shown in Table 1 . This degree of homology is consistent with that previously reported among isolates of PCV2 from domestic pigs. 7 The clinical signs and lesions found in these wild boars are similar to those typical of PCV2-associated disease, including PMWS, in domestic swine. 1, 4 Furthermore, the demonstration of PCV2 in the lesions in these animals, as well as the isolation of a circovirus that has a high degree of homology with a reference isolate of PCV2, 7 is consistent with PCV2 being causally associated with the reported disease syndrome. Viral antigen associated with endothelial cells has not been widely reported previously. The staining of endothelial cells in the GI tract could be related to the stage of infection or route of transmission of the virus. These cells may be targets of early viral replication and dissemination following fecal or oral transmission.
Hardly any earlier data document productive infection with PCV2, by virtue of seroconversion to the virus, in wild boars in North America (Ellis, unpublished data) and in feral pigs in Europe (Sanchez, unpublished data). However, disease and lesions associated with PCV2 infection of wild boar has not been reported previously.
To date, PCV2-associated disease has been primarily reported in large-scale, often high-health, confinement operations populated by improved breeds of swine. 1, 4 Modern management practices such as vaccination, weaning and mixing of young swine in the perinatal period, and intensive confinement husbandry practices have been implicated as cofactors in upregulating PCV2 replication and hence in the pathogenesis of PMWS. 3, 6 The demonstration of PMWS-like disease in wild boar that were not intensively managed, at least to the extent of most large commercial swine operations, indicates that modern management practices are not a necessary contributing factor in the pathogenesis of PCV2-associated disease; rather, they are one of many potential contributing factors. However, it is of interest that the apparent outbreak of PCV2-associated disease in these wild boars was coincident with novel confinement of the sows and potentially added heat stress related to a more limited access to shelter in the pen environment. Whether or not the stress associated with this management change affected the dynamics of an endemic PCV2 infection in the sow herd with increased transmission to neonates was not determined; however, PCV2-associated disease was not observed the following spring when the sows were allowed to farrow on pasture as was previously done on this farm. As previously documented, 1 infectious cofactors such as PRRSV, Mycoplasma spp., and bacteria, such as S. suis, that were specifically identified or suspected on the basis of histological lesions, probably were contributory factors to the debilitating disease that developed in these wild boars and may have been involved in upregulated PCV2 replication. 1 Whether endemic parvovirus infection in this unvaccinated herd may have also played a role as a cofactor 1 was not specifically addressed.
The precise origin and genetic background of the wild boars on this farm were not determined. Nevertheless, notwithstanding marked differences in phenotype, the Eurasian wild boar, of which there are 16 subspecies, and the modern domestic pig are considered to be the same species, Sus scrofa. 9 Although evidence of PCV2associated lesions and clinical disease in wild boar indicate that genetics are not a limiting factor in PCV2 infection, these findings do not preclude the probable importance of host genotype in affecting the relative susceptibility or resistance to the development of disease following PCV2 infection in domestic swine.
The origin of PCV2 in this population of wild boars was not determined. It may have been introduced with the Berkshire boars that were used to expand the gene pool several years before the outbreak, or it may be the result of transmission from the (endemically infected?) Berkshire herd on the same farm. Alternatively, it may be that PCV2 is an ancient virus of the Suinae that predates domestication of swine. In this context, whether PCV2 infects or can infect other genera and species of Suidae, 9 such as warthogs (Phacochoents spp.) and bush pigs (Potamochoerus spp.), which may serve as a reservoir for infection in domestic swine, or vice-versa, remains to be determined.
